1 0 1 1 1 0 1 2017a). While it is essential to test their behaviours individually, it is also necessary to investigate the group 1 0 2 responses to check if the dogs seek help from group members in similar situations and if members of a group 1 0 3 help each other to solve a task and share food. We carried out field-based experiments with free-ranging dog 1 0 4 groups to test their responses in an unfamiliar (Task 1) and two familiar tasks (Task 2 and Task 3) with different 1 0 5 amounts of food rewards in the presence of an unfamiliar human experimenter. Tasks 1 and 2 provided an 1 0 6 option of a moderately large piece of raw chicken as a food reward, while Task 3 provided a considerably higher 1 0 7 amount of food reward in a familiar set-up. In Tasks 1 and 2, we checked how familiarity influences the 1 0 8 problem-solving ability of dogs when present in groups. Task 3 differed from the other two tasks as it did not 1 0 9 exclusively involve problem-solving but simulated a scavenging situation that involved searching for and 1 1 0 obtaining food rewards and allowed for higher options of food sharing. Task 3 further allowed us to investigate 1 1 1 5 social tolerance among group members. Our study was aimed to understand the social tolerance of free-ranging 1 1 2 dogs in their natural groups, group task performance and other associated factors like gazing at humans and 1 1 3 conspecifics in entirely different contexts. We expected that free-ranging dog groups would perform better in 1 1 4 the familiar tasks (Task 2 and 3) than the unfamiliar one (Task 1) and show tolerance among members by 1 1 5
sharing abundant resources (Task 3). Based on earlier observations, we also hypothesized that dogs would gaze 1 1 6 more towards the human experimenter in the unfamiliar task. 1 1 7
Materials and Methods:
1 1 8
A. Subjects and Study Sites:
1 1 9
The study was carried out in different parts of West Bengal, India. We tested a total of 113 groups of adult free-1 2 0 ranging dogs (summing up to a total of 434 dogs) with group sizes ranging from 3 to 10 (3.65 ± 1.26).
2 1
Individuals (≥ 3) that were sighted either resting or moving together, with not more than 1 m distance in 1 2 2 between, were considered as a group. We used three different tasks for the study. Each group was tested only 1 2 3 once with a randomly assigned task. The study was carried out at random locations including residential areas, 1 2 4 market places, bus stops, and railway stations between 0900 hours and 1700 hours, during April -July 2016.
2 5
We carried out the trials in different locations to eliminate the possibility of re-testing a group. Besides, a large 1 2 6 area (~ 456 sq km) was covered to eliminate any re-sampling completely. We relied on the coat colour, scar 1 2 7 marks and specific colour patches on the body of the dogs as distinguishing characters for individuals, and the 1 2 8 territorial nature of the dogs as identities of the groups tested. 1 2 9 B. Experimental Procedure: 1 3 0 As mentioned above, three different tasks were used in the study, with each group being tested for only one task.
3 1
For each task, the experimenter (E) walked on random streets in a pre-selected locality in search of groups of 1 3 2 free-ranging dogs. On sighting a group, E tried to attract the attention of the individuals by calling out to them 1 3 3 prior to the commencement of the trial (see Bhattacharjee et al 2017). All the groups which responded and 1 3 4 approached E were used for the task subsequently. Tasks were recorded by a cameraperson from a distance to 1 3 5 avoid any interactions with the dogs.
3 6
Task 1: Free-ranging dogs are accustomed to scavenging from garbage bins, open garbage or closed plastic bags 1 3 7 carrying food and/or garbage. This task was designed to mimic a scavenging condition but from an unfamiliar 1 3 8 source. It required the dogs to obtain food from a transparent plastic container (0.11 m x 0.11 m x 0.06 m) that and moved back to a distance of 0.5 m. Thus, the initial distance between E and the dogs was approximately 1.5 1 4 7 m. E stood in a neutral posture and looked straight ahead without bending his/her head or making eye contact 1 4 8 with any of the focal group dogs. The response was recorded for 120 seconds or until the dogs ate the raw 1 4 9 chicken piece, whichever was earlier, following which the food was removed. Forty-four adult dog groups were 1 5 0 tested for this task.
5 1
Task 2: In this task, we provided dog groups with a piece of raw chicken as a reward, placed inside a transparent 1 5 2 plastic bag (0.19 m x 0.11 m). The experimenter allowed dogs of the focal group to sniff the chicken piece 1 5 3 before placing it inside the plastic bag and tying the mouth of the bag with a thread, allowing the dogs to watch 1 5 4 the process (Bhattacharjee et al. 2017a). All the other steps were as in Task 1 and the response was recorded for 1 5 5 120 seconds. 43 adult dog groups were tested for this task. containing non-edible garbage (dry paper, plastic, leaves etc.) and food rewards, thus emulating a garbage bin 1 5 8 (Fig 1) . The food reward consisted of five pieces of raw chicken and five pieces of bread (representing proteins 1 5 9 and carbohydrates respectively), which were mixed with the garbage, as is the case in most waste disposal sites 1 6 0 that are accessible to free-ranging dogs in India. Since the task, in this case, did not involve opening the basket 1 6 1 to reach the food, the time provided for the task was 60 seconds, instead of 120 seconds, starting after the basket 1 6 2 was placed on the ground. All other steps were the same as in the other two tasks. 26 adult dog groups were 1 6 3 tested for this task.
6 4
The nature of the three tasks differed in terms of their familiarity, quantity of rewards, and to some extent 1 6 5 difficulty. Task 1 had earlier been shown to be solved by individual free-ranging dogs, suggesting no physical 1 6 6 limitation on part of the dogs. However, a small success rate could be addressed by 'task difficulty' along with 1 6 7 unfamiliarity, also, Task 2 was highly familiar for these dogs from a scavenging perspective and solved at a 1 6 8 7 higher rate compared to Task 1 (Bhattacharjee et al. 2017a). In order to eliminate any anthropomorphic bias, we 1 6 9 have emphasized the familiarity of the tasks (Task 1 and 2), rather than their difficulty levels. Task 3 1 7 0 represented a condition which did not involve problem-solving but allowed us to understand co-feeding and 1 7 1 social tolerance. To be better able to understand the various projections of our study, we first compared Task 1 1 7 2 and 2 in order to check for an effect of familiarity and cooperation and later analysed Task 3 (compared a few 1 7 3 parameters with tasks 1 and 2) to address whether changes in the quantity of available food resources potentially 1 7 4 promotes sharing behaviour/ social tolerance in free-ranging dogs. Following is the list of behaviours/parameters that were quantified from the study -1 8 4 (i) Success -Opening the container or plastic bag and obtaining the food reward was considered as a successful 1 8 5 event in tasks 1 and 2 respectively. The success rate in a trial of Task 3 was estimated on the basis of the number 1 8 6 of food pieces left after 60 seconds. For example, empty basket (all 5 pieces of bread and 5 pieces of chicken 1 8 7 eaten) after a trial corresponds to 100% success. We have analyzed success rates at two different ranges -less 1 8 8 than 50% and more than or equal to 50%, in order to get an idea of lower and higher success rates respectively.
8 9
(ii) Latency -The time between the presentation of the task before the dogs and the display of first response, 1 9 0 which involved approach within a distance of 0.05 -0.1m of the task set-up was defined as latency. We used 1 9 1 markers (e.g. leaves, small stones) to get an idea of the distances. Latencies for all the dogs in a group were 1 9 2 recorded but only the latency of the first dog that approached a task was considered for the analysis. (iii) Persistence -Persistence was defined as the duration of active engagement or involvement in the task. We 1 9 4 considered active engagement when dogs showed the following behaviours with the objects (box/bag/basket) -1 9 5 'touching', 'licking', 'pulling', and 'obtaining the food reward(s)'. Persistence was exclusive of the duration of 1 9 6 8 interruptions when dogs were not actively engaged in task solving. Calculation of persistence was cumulative.
9 7
We quantified (a) Persistence of individuals (persistence of each group member), (b) Group persistence (average 1 9 8 persistence of the members of a group) and (c) Persistence of the solving individual (persistence of a group 1 9 9 member that finally solved a task, Task 1 and 2 specific).
2 0 0 (iv) Cooperation (Task 1 and 2 specific) -Two or more individuals of a group acting together, without 2 0 1 aggressive interactions, to solve a task was considered as cooperation or simultaneous engagement at the task.
0 2
We calculated the number of individuals (at least 2) persisting on a task and the duration of overlap to define 2 0 3 cooperation.
0 4
(v) Social tolerance (Task 3 specific) -Social tolerance was defined as a tendency of the group members to 2 0 5 scavenge from the same resource side by side without aggression. In order to measure this, a 'Tolerance Index' 2 0 6 (ToI) was constructed for each individual in a group. ToI intended to evaluate the extent to which the group 2 0 7 members performed the task together and was not meant to compute the evolutionary benefits being incurred by 2 0 8 the individuals due to such an action.
0 9
We used the following parameters while constructing ToI: 2 1 0
• Number of individuals that a focal dog can interact with -for example, in a group of 4 individuals, a 2 1 1 focal dog would be able to interact with a maximum of 3 individuals.
1 2
• Availability of time to solve a task -here we subtracted the latency from the total task duration. For 2 1 3 example, in a task of 120 seconds, a focal dog with a latency of 10 seconds would have 110 seconds of 2 1 4 time available for cooperation.
1 5
• Overlap with other members -we calculated the number of individuals that were already engaged in 2 1 6 the task when a focal dog joined. Similarly, the duration of the overlap was also calculated. For 2 1 7 example, in a group of 4 individuals, a focal dog's active engagement with a task overlapped with 2 2 1 8 other members of the group for 30 seconds and with another member for 10 seconds. While calculating 2 1 9
ToI, we first multiplied the proportion of individuals that the focal dog tolerated (2/3 and 1/3) with the 2 2 0 proportion of time available that it spent with each in the task (30/110 and 10/110, considering the 2 2 1 availability of task time as 110 sec), and then added the two values {(2/3*30/110) + (1/3*10/110)}.
[N = (Total group size -1); i.e., the number of individuals in the group a focal dog can interact with; T = Total 2 2 8 duration of the experiment -latency of the focal animal; n 1 = number of individuals engaged in the task when 2 2 9 the focal dog joins; t n = duration of overlap with x n number of individuals; t L = time remaining for the 2 3 0 experiment when the focal dog leaves the task; x L = number of individuals engaged in the task when the focal 2 3 1 dog leaves].
3 2
We calculated the ToI values for the individuals that approached in Task 3. Lesser ToI value of an individual 2 3 3 indicated a lower tendency to act together with its group members, i.e., a lower intention for food sharing and 2 3 4 cooperation. We also calculated the mean ToI values of the groups to check for any correlation with 2 3 5 corresponding success rates.
3 6
(vi) Food sharing -Sharing of food rewards without aggression among the group members (at least within 2 2 3 7 members) was considered as food sharing. For task 3, co-feeding was the proxy for food sharing. Co-feeding 2 3 8 was determined by calculating the percentage of group members feeding together in Task 3. For example, in a 2 3 9 group of 4 individuals, 100% sharing indicated that all the group members had fed/scavenged together, whereas, 2 4 0 75% sharing was recorded when 3 of them was observed to co-feed. responses were restricted to resting, self-care (scratching, licking, grooming) and general disinterest.
4 9
(ix) First inspection, highest persistence and retrieval of food reward -Since free-ranging dogs are scavengers, 2 5 0
we hypothesize that an opportunistic individual would inspect a task first, persist most and obtain the food in 2 5 1 case of Task 1 and 2, illustrating a strategy of 1-1-1 (rank 1 for inspection, persistence and retrieval of food 2 5 2 1 0 reward). For Task 3 it was difficult to gauge the actual amount of food obtained by an individual but we 2 5 3 assumed the time spent by an individual in feeding as a correlate of the amount of food eaten. Groups that failed 2 5 4
to obtain food rewards were not considered for this calculation. (i) Success -The dog groups performed significantly better in Task 2 than in Task 1 (Fig. 2) . Success rates for 2 5 9
Task 2 and 1 were 95% and 23% respectively (Chi-squared goodness of fit, (viii) First inspection, highest persistence and retrieval of food reward -A total of 51 groups of dogs 2 9 0 successfully solved Tasks 1 and 2 (Task 1 -10, Task 2 -41). We pooled data from both the tasks to estimate the 2 9 1 proportion of groups in which the first individual to respond to the task was also the one to have persisted the 2 9 2 longest and solved the task. In 37 out of 51 groups, the individual which inspected a task first showed highest 2 9 3 persistence and also retrieved the reward. We found a difference between the groups that showed a first 2 9 4
inspection -highest persistence -retrieval of food reward strategy and groups that did not (Goodness of fit, χ 2 = 2 9 5 10.373, d Cohen = 1.01, N = 51, df = 1, p = 0.001).
9 6
Task 3: 2 9 7 (i) Success -Out of 26 groups, only 3 groups showed 100% success and 2 groups showed zero success.
9 8
However, we found no difference between the two ranges of the success rates considered for Task 3 (lower (< 2 9 9 50%) and higher -(≥ 50%) success rates; Chi-squared goodness of fit, χ 2 = 1.385, d Cohen = 0.474, N = 26, df = 1, 3 0 0 p = 0.239), indicating a somewhat uniform distribution between 0% -100% (Fig 4) .
3 0 1
(ii) Latency -Dogs appeared to be quite hesitant in approaching Task 3 (6.84±7.26 sec). Latency of the dogs in 3 0 2 
